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Abstract. - OBJECTIVE: Determine salivary
pH and flow rate (FR) in a sample of 164 patients
who came to Oral Pathology ambulatory, 84 suf-
fering from oral lesions and 80 without oral le-
sions. Another aim was to evaluate factors that
influence salivary flow rate.

PATIENTS AND METHODS: Subjects under-
went clinical examination and completed an an-
amnestic questionnaire in order to obtain useful
information that was used to classify partici-
pants in different groups. Unstimulated whole
saliva (UWS) was collected using the spitting
method at 11:00 am. The FR was evaluated with
the weighing technique and a portable pHme-
ter, equipped with a microelectrode, was used
to measure pH. Both univariate and classifica-
tion (single and Random Forest) analyses were
performed.

RESULTS: The data analysis showed that
FR and pH showed significant differences (p <
0.001) between patients with oral lesions (FR =
0.336 mL/min, pH = 6.69) and the ones without
oral lesions (FR = 0.492 mL/min, pH = 6.96). By
Random Forest, oral lesions and antihyperten-
sive drugs were ranked in the top two among the
evaluated variables to discretize subjects with
FR = 0.16 mL/min.

CONCLUSIONS: Our study shows that there
is a relationship between oral lesions, antihy-
pertensive drugs and alteration of pH and FR.
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Introduction

Saliva is a remarkably complex fluid with a
large number of properties and functions which
are indispensable for both general and oral health
like lubrication, moistening, taste, digestion,
protection of the oral and esophagus mucosa and
tooth protection'. The salivary flow rate (SFR) is

the amount of saliva produced by salivary glands
in the time unit, expressed in mL/min or g/min. It
can be divided into unstimulated (USFR) which
is independent of the presence of stimuli (food,
chewing, etc.) and stimulated (SSFR), secreted
in response to sensory stimulation, gustatory
and masticatory mainly**. Moreover, saliva can
be divided into “Duct saliva” that is the fluid
obtained immediately downstream of the ducts of
the salivary glands and “Whole saliva”, the fluid
composed by “Duct saliva” with the addition of the
secretions of oral, nasal and pharynx mucosa; this
fluid also contains microorganisms, desquamated
epithelial cells, blood cells, food debris, e.g.*°.

Saliva chemical and physical properties play an
important role in maintaining the health and func-
tions of the oral cavity. Lubrication of alimentary
bolus, protection against virus, bacteria, and fungi,
buffer capacity, protection and reparation of oral
mucosa and dental remineralization are some of
the functions of saliva®*°. The buffer capacity de-
pends on the acids and bases contained in the se-
creted saliva’®. Bicarbonate is the main buffer that
opposes acids, but is completely effective only at
high salivary flow rates, because its concentra-
tion increases markedly with SFR rise®’. It’s well
known that patients with quantitative and/or qual-
itative alterations in saliva may complain about
oral dryness sensation, suffering from difficulties
in eating, speaking and swallowing; furthermore,
in these altered conditions, dental caries, oppor-
tunistic infections, and diseases of the oral cavi-
ty may increase>®!*'*. About 20% of the general
population suffer from dry mouth'!>-5,

The evaluation of the unstimulated whole sali-
vary flow rate (UWSFR), is carried out by an easy,
non-invasive and comfortable procedure, which
favors its use in clinical environmental (public or
private). UWSFR is the basal rate of saliva flow
and it’s the greatest contributor to the total salivary
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output during the diurnal cycle'®'”. The collec-
tion of unstimulated “whole saliva” reflects basal
SFR; this fluid is present in our mouths for about
14 hours a day and its secretion provides protec-
tion to oral tissues®. SSFR represents the secretion
during food intake, and occur in our mouths for up
to 2 hours®!®, Furthermore, stimulating the flow
of saliva can alter its composition; for example,
the concentration of bicarbonate which increases
progressively with the duration of stimulation'®!".
What above leads us to consider UWSFR as a
more clinically reliable parameter.

There are conflicting data in literature con-
cerning SFRO#10.1L19-21 apd pHO&14.22-24 jn UWSFR
and publications about their correlation'**. The
effects of physiological factors such as gender,
body profile, salivary gland size and bite force on
the SFR and pH of saliva are controversial'":'#!1*-2¢,
Moreover, several pathological and behavior-
al factors could influence UWSFR: e.g. oral and
systemic diseases, drugs intake, nutrition, stress,
sports activity!-510-1315.17.27,

The aims of our observational prospective study
were: to determine the UWSFR and correspond-
ing pH in a sample of 164 patients; describe the
donor evaluating the following variables: gender,
age, smoking (nicotine dependency), drinking al-
cohol, oral lesions, drug recognized as anxiolytic,
systemic diseases like diabetes mellitus, arterial
hypertension, gastroesophageal diseases, hepati-
tis, neoplastic and heart diseases; investigate how
UWSEFR could be described by these indicators.
In order to reduce UWSFR variability, a rigid pro-
tocol to enroll the donor cohort and strict behav-
ioral norms to control subjects during sampling
were applied>*¢7.

Patients and Methods

The study involved 164 subjects (95 females
and 69 males with a mean age of 56.88 years old,
SD 12.39) recruited from Oral Pathology Clinic
ambulatory of AOU Maggiore della Carita di No-
vara. All subjects were selected in a homogeneous
(Caucasian) population. They were informed of
the purpose of the study, approved by the local
Ethics Committee (N. RQ3010), and enrolled
after giving their signed informed consent. All
subjects answered an anamnestic questionnaire
acknowledging systemic diseases: arterial hyper-
tension, diabetes mellitus, gastroesophageal dis-
eases, hepatitis, neoplastic diseases, heart diseas-
es and harmful habits (smoking-alcohol).

370

An identification code consisting of a letter and
a number was assigned to each subject, who was
submitted to an oral examination during which
particular attention was given to the condition
of the mucous membrane. The oral examination
was performed by a medical doctor, expert in oral
medicine and trained in salivary testing.

The enrolled subjects were submitted to a rigid
protocol of behavioral norms: in the two previous
weeks, they had to avoid consumption of chewing
gum; the day before saliva collection, they had to
be relaxed and not to practice sports activity. In
the sampling day participants had to be free from
symptom of fever and/or cold; if they were hungry
or thirsty, they could eat or drink water, but later
immediately they had to clean their teeth with a
provided toothpaste; during the last hour before
the salivary collection, it was not permitted them
to eat, to drink or to smoke.

All subjects were experienced, during the test,
in the Province of Novara (Italy) or surrounding
areas.

The UWSFR was detected under controlled
temperature (22-24°C) and humidity conditions
(75% + 5%) at 11:00, using the spitting method*?®.
Unstimulated whole saliva (UWS) was collected
for a 5 min time span: the undisturbed subject, sit-
ting in a comfortable position, swallowed residual
saliva present in the mouth before the beginning
of'the collection and then, with the head down and
mouth slightly open, saliva was allowed to drip
from the lower lip into a pre-weighed, sterile plas-
tic test tube. In the last few seconds of the 5 min,
saliva accumulated in the mouth was spat out into
the plastic funnel. No other conscious movements
of the oral musculature were made during the col-
lection.

The salivary samples were weighed using a
Precisa Balance, Series Bj (Dietikon, Zurich,
Switzerland) to determine the UWSFR, which
was calculated by dividing the net weight of sa-
liva by the five minutes of the collection period.

The UWSFR was reported as g/min, which is
nearly equivalent to mL/min; preliminary studies
revealed that weight and volume of UWS were
very highly correlated, but that volume measures
were less reliable?*!%2,

pH was immediately detected on samples by a
portable pH meter (HI 9026, Hanna Instruments,
Burlington, Vermont, NE, USA) equipped with a
special 5 mm diameter electrode.

Data from anamnestic questionnaires and clini-
cal examination were computed to classify differ-
ent variables. Variable “Alcohol Yes” was defined
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if subject drank wine, beer or super-alcoholics
reaching a value of 210 mL of Ethanol for week®.
Variable “Anxiolytics” with level “Yes” was de-
fined to those subjects who regularly take (one as-
sumption/day) any drug recognized as anxiolytic.
Variable pH was organized in two levels: subjects
with salivary pH = 6.5 were named “Normal”,
while, if salivary pH was lower that 6.5, subjects
belong to “Low” group®. UWSFR variable was
organized by tertile classification of measured
UWSEFR resulting the following groups: Low =
0.046-0.264 mL/min, Medium = 0.265-0.451
mL/min and High = 0.451-1.850 mL/min. Vari-
able “Smoke” with level “Yes” was defined to
those subjects who smoke more than 2 times/day.
Variable “Prosthesis” was organized in two lev-
els for univariate analysis (No or Yes), while for
classification analyses it was organized in three
levels: subjects were divided into three levels
“Prosthesis”, “Skeletal” and “No” corresponding
to subjects who wore respectively dental remov-
able prosthesis, dental skeletal prosthesis or did
not have any oral prosthesis. Variables “Diabetes
mellitus”, “Hypertension”, “Gastric diseases”,
“Heart diseases”, “Hepato” and “Cancer” with
level “Yes” were defined to those subjects who
suffer from corresponding pathologies. Variable
“Lesion” was organized in two levels for univar-
iate analysis (No or Yes), while for classification
analyses in three levels: subjects with a diagno-
sis of Lichen Planus were named “Lichen”, those
who suffer from Leukoplakia belong to “Leuko”
group. Subjects without any of these pathologies
were named “No”. “Healthy teeth” and “Age”
variables were used as continuous ones.

Statistical Analysis

Univariate Analysis

The variables were descriptively analyzed with
mean, maximum, minimum, standard deviation
(SD), including their relative standard deviation
(RSD%). Univariate analyses were performed,
using the Student’s #-test or Wilcoxon rank sum
test if data were not normally distributed, on pH
and UWSFR data organized in groups according
to each single variable as previously described.

Classification Analysis

UWSFR was used as response variable orga-
nized as previously described while other vari-
ables as descriptive ones (ranking). Fisher’s Exact
Test or Kruskal-Wallis rank sum test were per-
formed for each descriptive variable depending

if the variable was categorical or continuous type
respectively. Random Forest analysis on response
variable was repeated for several training/test
(0.6/0.4) splits and models were evaluated with
confusion matrix and receiver operating charac-
teristic curve (ROC). The selection of descriptive
variables started using all of them and then by re-
moving the ones highly correlated or those hav-
ing poor cases for an ideal training/test division.
The data analysis was carried out with procedures
implemented by R software 3.1.0; a p-value of <
0.05 was considered statistically significant in all
of the tests.

Results

The classification analysis carried out on the
population divided into UWSFR groups (Low,
Medium, High) did not show significant results
both in single and in Random Forest analyses
(data not showed). In order to select a better or-
ganization for response variable, UWSFR values
were organized following the method proposed by
Fenoll-Palomares et al® (Pathological < 0.16 mL/
min and Normal >0.16 mL/min) (Table I). This
classification was used also in a univariate analy-
sis performed on pH values organized according
to UWSFR groups.

Mean UWSFR of all 164 patients was 0.405
ml/min (SD = 0.277; RSD = 68.43%). The mean
UWSEFR of 88 patients with oral lesion was 0.35
mL/min (SD = 0.29; RSD = 84.06%). The mean
UWSEFR value of 80 patients without mucosal
oral lesions was 0.492 ml/min (SD = 0.25; RSD =
51.06%). This difference (0.156 mL/min) was sta-
tistically significant; moreover, some other vari-
ables showed to significantly affect the salivary
flow rate (Table I).

Mean pH of all the 164 patients was 6.82 (SD
= 0.35; RSD = 5.19%). The mean pH of 88 pa-
tients with oral lesion was 6.70 (SD = 0.38; RSD
= 5.77%). The mean pH of 80 patients without
mucosal oral lesions was 6.95 (SD = 0.23; RSD
= 3.37%). This difference (0.26) was statistical-
ly significant; furthermore, the response resulted
significantly related to smoke variable (Table I).

The results obtained from classification anal-
yses using population divided in UWSFR two
groups (Normal, Pathological) are showed in Ta-
ble I. Results similar to those obtained from the
univariate analyses were observed, nevertheless
some variables have lost significance (Hepato,
Cancer). The Random Forest model ranked the
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Table I. Donors’ population features from univariate and classification analyses.

Univariate analyses
Significance test (p) Classification analyses
UWSFR group
UWSFR group normal Significance
Variables UWSFR pH Levels pato (n= 23) (n= 141) test (p/
Gender 0.748 0.071 Male 9 60 0.997
Female 14 81
Age - - Continuous - - 0.308
Smoking 0.311 0.035 Yes 4 44 0.222
No 19 97
Prosthesis 0.518 0.849 No 19 111 0.843
Prosthesis 3 17
Scheletric 1 13
Alcohol 0.801 0.875 Yes 2 13 0.997
No 21 128
Hypertensive diseases <0.001 <0.001 Yes 6 11 0.002
No 17 130
Anxiolytic drugs 0.247 0.756 Yes 0 6 0.596
No 23 135
Healthy teeth - - Continuous - - 0.734
Diabetes mellitus 0.094 0.773 Yes 1 2 0.366
No 22 139
Gastric diseases 0.175 0.415 Yes 3 8 0.186
No 20 133
Heart diseases 0.126 0.525 Yes 4 9 0.088
No 19 132
Hepatology 0.007 0.763 Yes 2 1 0.052
No 21 140
Cancer 0.022 0.536 Yes 3 4 0.058
No 20 137
Lesion <0.001 <0.001 No 2 78 <0.001
Lichen 14 39
Leuco 7 24
pH 0.023 - Normal 18 127 0.150
Low 5 14
UWSFR
normal/pato groups - 0.125 - - - -

first 5 variables as follow: Lesion, Hypertension,
Anxiolytics, Gastric diseases, Heart diseases.
Mean Area Under curve in ROC test was 0.91 on
training and 0.69 in the testing set.

Discussion

Univariate analysis showed that the presence of
lichen and leukoplakia in oral cavity reduces the
UWSEFR values. This finding is in agreement with
Bergdhal et al'!, that showed how women with
oral lesion complaints had a lower unstimulated
salivary flow.

Also in classification analyses, oral lesion plays
an important role in discretizing UWSFR “Patho-
logical” group from the UWSFR ”Normal” one.
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Unfortunately, due to a limited number of cases,
several variables, which were significant in uni-
variate analyses, were removed in classification
analyses. On the other hand, the “Hypertensive
Diseases” variable was found significant both in
univariate and in classification analyses (second
ranked). These results are in agreement with sev-
eral papers where interaction was found between
Antihypertensive drugs intake and reduced sal-
ivary flow rate (Bergdhal et al'!, Nagler et al?’).
Moreover, a significant alteration of pH in Hyper-
tensive patients was also detected in univariate
analyses; in this case, it is to be expected that such
a decrease in pH is related to the impact caused by
antihypertensive drugs on UWSFR. The variables
Hepatopathies and Cancer were not significant
for UWSEFR in classification analysis. Since the
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number of patients suffering from these pathol-
ogies was limited, probably this classification is
not effective and for this reason, Hepatopathies
and Cancer variables have been excluded from
the Random Forest analysis. We may suppose an
influence of these pathologies on homeostasis of
the oral cavity, as already suggested by Torres et
al*®, but additional studies targeted to these two
diseases will be required.

Conclusions

From the results of our research is inferable that
different factors can influence the UWSFR espe-
cially hypertension; in fact this variable can detect
possible “risk patients” with altered oral homeo-
stasis. Other variables such as cancer or liver dis-
ease may be an additional risk factor for the de-
crease of the UWSFR with repercussions on ho-
meostasis of the oral cavity. It would be desirable,
in our opinion, that all professionals who deal
with oral health pay attention to patients under an-
tihypertensive drugs treatment, subjects with liver
diseases and cancer, especially in old age.
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